ABSTRACT
INTRODUCTION
In the past, yucca had great ethno-botanical importance for Native Americans in the southwestern regions of the USA and Mexico due to its remedial effects. Mojave yucca (Yucca schidigera Roezl; Agavaceae) extracts were used in folk medicine to relieve bleeding, joint pain, inflammatory processes in the male urogenital tract as well as skin problems [52] . Nowadays, yucca extract is widely used in cosmetics, pharmaceuticals, and in the food industries [57, 77] . It is widely used for improving the microcli- We will also briefly describe the main physiological actions of ovarian and their upregulating hormones. These known physiological pathways of hormone actions and the actions of yucca used in in vivo and in vitro studies (Table 1) provide us an outline of the possible mechanisms of how yucca could act on female reproduction. gitogenin and neogotogenin [77] . There are three types of furostanol glycosides in yucca that have been isolated so far which are in the lesser proportion (~6.8 %) to the total saponins in yucca [49, 57] 
Saponins-representation and roles
: 3-O-β-d-glucopyranosyl-(1→2)- [β-d-xylopyranosyl-(1→3)]-β-d-glucopyranosyl-5β(25R)- furostan-3β,22α,26-triol 26-O-β-d-glucopyranoside, 3-O-β-d-glucopyranosyl-(1→2)-[β-d-xylopyranosyl- (1→3)]-β-d-glucopyranosyl-5β(25R)-
Stilbenes-representation and roles
Natural stilbenes are a group of phenolic phytochemicals with a characteristic 1,2-diphenylethylene nucleus [65] . Stilbenes found in yucca include: resveratrol, trans-3,3´,5,5´-tetrahydroxy-4´-methoxystilbene, larixinol, yuc- Regarding the yucca influence on reproductive organs morphology, there are few research articles available. In our previous study in ewes [81] , yucca powder feeding for 30 days reduced ovarian folliculogenesis in the early antral follicle stage by reducing the size of these follicles; although it had no significant effect on the size or number of larger follicles and therefore the size or weight of the ovaries. The weight and length of oviducts were also unaffected.
PHYSIOLOGICAL ACTION OF OVARIAN AND GONADOTROPIC HORMMONES
The key regulators of ovarian activity are female steroid [28] and sheep [1, 80] that may relate to the reduction of substrate for the production of steroid hormones resulting in the suppression of P4 release by the ovaries [81] .
It was found that yucca directly stimulated the release of P4 by porcine [73] , rabbit [74] , ovine [81] , and murine [71] ovaries. The release of T was inhibited by yucca addition to cultured porcine granulosa cells [73] , although it was not altered when added to rabbit [74] and ovine [81] ovarian fragments or mouse ovaries [71] . The E2 output by ovarian fragments of rabbits [74] and sheep [81] was not influenced markedly. The release of IGF-I by rabbit [15] or ovine [81] ovaries was inhibited, although not affected in mice ovaries [71] . This contradictory research shows that there could be species-specific actions of yucca on ovarian steroidogenesis and that these effects are dose-dependent (Table 1) .
Effects of Y. schidigera on proliferation and apoptosis of ovarian cells
The influence of yucca on cell proliferation and apoptosis of ovarian cells in vitro and in vivo has been documented. In vitro studies reported a direct anti-proliferative and pro-apoptotic effect of yucca extract on cultured porcine granulosa cells through the reduced expression of PCNA and enhanced expression of bax, respectively [73] . The pro-apoptotic effect was also observed after a 30-day feed supplementation in ewes, whose granulosa cells contained high proportion of bax antigens, although no effect was proven on the proliferation of granulosa cells [81] . Since the findings on the proliferation of granulosa cells are inconsistent in these two animal models, additional experiments will be required.
Phytoestrogenic and nonestrogenic effects of yucca constituents
Stilbenes and steroidal saponins of yucca have shown mainly antioxidant properties [9, 10, 48] (which can affect folliculogenesis and steroidogenesis as reported in the studies using different plant additives [24, 75, 76] . Saponins are involved in the reduction of blood cholesterol, the substrate for steroidogenesis, and stilbenes can affect transcriptional activity of ERs [6] . Both the steroidal saponins and stilbenes have been shown to have phytoestrogenic activity by mimicking endogenous oestradiol-17β due to the fact they Fig. 1 . Direct effects of yucca extract on ovine, rabbit, porcine, and murine ovaries E2-oestradiol-17ß; FSH-follicle-stimulating hormone; IGF-I-insulin-like growth factor; OT-oxytocin; P4-progesterone PCNA-proliferating cell nuclear antigen; PGF-prostaglandin F; T-testosterone; ↑-increase; ↓-decrease; ns-non-significant effect 
